ABSTRACT: Due to its aged binder, RAP generally has a negative effect on the low temperature properties. Therefore, it is necessary to explore the characteristics of RAP at a low performance temperature. However, there are few studies on the low temperature performances of RAP mortars by the data processing method. This study aims at understanding the influence of several variables on low temperature properties of RAP mortars without extracted binders, from a statistical point of view. The independent variables include three base binders, three RAP contents, three test temperatures and six RAP sources. In addition, this study employed analysis of variance (ANOVA) and partial correlation analysis to analyze the stiffness and m-value. Statistical results showed that the changes in base binders type, test temperature and RAP content had statistically significant influences on low temperature performances. In addition, the test temperature played the most important role, followed by RAP content and base binder type. However, the RAP source had slight effects on stiffness and m-value. Moreover, stiffness and m-value were highly correlated with a Pearson correlation coefficient of 0.795. In summary, statistical analysis method used in this study was simple and effective to analyze the low-temperature performance and was able to identify the impacts of various variables on the low temperature characteristics.
INTRODUCTION
In recent years, due to the advantages of cost reduction, natural resources conservation and environment protection, reclaimed asphalt pavement (RAP) has been considered as a component of asphalt mixture. However, the traditional method by using extraction and recovery of the RAP binder has been questioned owing to harmful chemical solvents such as trichloroethylene. Thus, to develop new methods without extraction techniques is paid attention. The conducted new method uses the fine particles of the RAP materials rather than from the binder extracted from the RAP (Ma et al., 2010) . In addition, the fine particles can be generated from the sieved RAP materials from passed #50 to retained #100.
Though RAP has many advantages, it still has adverse effect on the performance of the mixture. It was proved that the involvement of RAP is worse resistance to cold weather cracking. Therefore low-temperature cracking has become a predominant distress of asphalt pavements containing RAP and induced greatly attention by the asphalt industry. Therefore, many researchers are interested in seeking better performing pavements in cold climates and accurately evaluating the low-temperature characteristics of the binders and the mixtures. Loria et al. (2011) and Xiao et al. (2016) found that the HMA mixture with 50% RAP had an acceptable resistance to moisture damage. The mixture with 50% RAP exhibited an acceptable resistance to thermal cracking (Loria et al., 2011; Xiao et al., 2016) .
Therefore, it is necessary to explore the characteristics of RAP at a low performance temperature by using the new method without extraction techniques. However, few studies can be found on the low temperature performance of RAP mortars by the data processing method. Thus, it is difficult to draw effective conclusions upon the impacts of independent variables on stiffness and m-value. Data analysis methods have been widely used to explore the test results because of the advantages of economical, time-saving, high repeatability and strong flexibility.
Moreover, based on considerable experimental data, mathematical methods are easily utilized to summary the inherent characteristics of various objects by data mining and help achieve decision-making process (Moreno, 2007) . This study aims at understanding the influence of several variables on low temperature properties of RAP mortars without extracted binders, from a statistical point of view. In addition, the methods of analysis of variance (ANOVA) and partial correlation analysis were employed to identify the variables which have the most influence on the low-temperature characteristics parameters (stiffness and m-value) and evaluate the detailed correlations between independent variables and the low-temperature characteristics parameters. The independent variables include three base binders , three RAP contents (5%, 10%, and 15%), three test temperatures (-6℃, -12℃, and-18℃) and six RAP sources (A-F). Experimental results were obtained from the bending beam rheometer (BBR) tests without any modifications to the equipment.
MATERIALS AND METHODS

Materials
Three base binders were used for experimental design in the laboratory and are commonly employed for various types of surfaces. Six RAP sources (denoted as A through F) were selected to yield the modified asphalt mortars according to the recommendations. These RAPs were sieved to the size of passing No. 50 sieve and retaining on No. 100 sieve, and then were blended with base binders accordingly. In addition, portions of these sieved RAPs were burned in an ignition oven to get rid of all aged binder to obtain the fine aggregate to produce the modified mortars. Two hundred grams were used to conduct the testing and the calculated aged binders. Results showed that all aged binder percentages are in range of 5.0% to 8.5%.
BBR Experimental Design
BBR test offers a measure of low temperature stiffness and relaxation properties of an asphalt binder. The tested parameters can provide an indication of an asphalt binder's ability to resist low temperature cracking. A higher creep stiffness value indicates higher thermal stresses.
In this study, BBR was used with minor modifications to the equipment and RAP mortar (fresh binder mixed with fine RAP materials) was tested instead of asphalt binder alone. And the stiffness values/deflections of various RAP binders were tested at three temperatures of -18ºC, -12ºC, and -6ºC. The BBR experimental designs of various RAPs were shown in Figure 1 . 
Statistical Methods
Four studied factors (independent variables) are shown in Table 1 . At the same time, the dependent variables are the stiffness and m-value. 
Analysis of Variance (ANOVA)
The ANOVA method mainly studies the internal laws and the detailed relationships between the classification independent variables and the numerical dependent variables (Saville & Wood, 2010) . It can be used to determine whether there is a relationship between the independent variables and dependent variables. In addition, this method can be also used to study the influence of control variables on observed variables, thus analyzing the interactions amongst these factors. Based on three basic assumptions, ANOVA Table can be finally achieved by calculating and analyzing, which are shown in Table 2 . In addition, the significance analysis is essentially based on the variation source, which can be divided into treatment part and error part. The sum of squares, degrees of freedom, mean square, and F value can be calculated according to the related reference materials (Bryman & Cramer, 1990; Saville & Wood, 2010) . In this study, ANOVA was conducted by using SPSS software and the accuracy of the various models was evaluated at a significance level of 0.05 (α=0.05), which is presented in the last column in Table 4 . Once the Sig. values are less than 0.05, the corresponding variable can be considered to have significant influence on the dependent variables.
Partial Correlation Analysis
The relationship between two variables can be divided into deterministic relationship (functional relationship) and uncertainty relationship (correlation). And correlation analysis is often used to describe the relationship between two variables. However, when the variables are over two, simple correlation coefficient cannot completely reflect the real relationship between the independent variable and the dependent variable. Partial correlation analysis can focus on the objective variable by controlling other variables. The partial correlation analysis process was also performed by the SPSS software.
RESULTS AND DISCUSSIONS
Experimental Results
The stiffness and m-value of RAP Sources A-F modified with virgin binder PG 64-22 are shown in One-way ANOVA One-way ANOVA was used to identify which variables have significant influences on stiffness and m-value as shown in Table 4 . As shown in Table 4 , the Sig. results of the stiffness and m-value are 0, indicating that the corresponding final p-value is less than 0.05. This result illustrates that the base binder type, the temperature and the RAP content have significant influence on both the stiffness and m-value. However, from the view of RAP source, the Sig. results of the stiffness and m-value are 0.598 and 0.999, respectively, implying that RAP source has no remarkable effects on the stiffness and m-value.
Multi-way ANOVA
Based on the results of the one-way ANOVA shown above, the RAP source is not a key factor to affect the low temperature characteristics, thus only three factors are considered to explore whether there is an interaction impact between any two factors. Table 5 shows the final results of Multi-way ANOVA. Based on the corrected model results in Table 5 , it can be noted that the F values of the stiffness and m-value are 52.251 and 66.38, respectively, and their Sig. results are 0.00, which indicates that this analysis of variance model has a good statistical significance. At the same time, apart from the three significant factors (base binders, temperature and RAP content), base binder*temperature also has significance on both the stiffness and m-value. However, base binder*RAP Content and temperature*RAP content, these two interactive combinations have significant influence on the stiffness, but have light influence on m-value. Moreover, as the combination of base binder*temperature*RAP content, Sig. results of stiffness and m-value are greater than 0.05, indicating that this combination has slight influence on the low-temperature characteristics.
Additionally, the adjusted R 2 is often used to decide the reliability of the results. A higher adjusted R 2 value means more reliability. The adjusted R 2 of the stiffness and m-value are 0.892 and 0.913, respectively, indicating that this ANOVA model is effectively and the final results are reliable.
Partial Correlation Analysis
To eliminate the influence of some variables, partial correlation analysis was used to analyze the real relationship between two independent variables (base binder, temperature, RAP content and RAP source) and dependent variables (stiffness and m-value). The results of partial correlation analysis are shown in Table 6 . In Table 6 , the numbers with one star or two stars indicate the level of significance. In addition, the absolute value characterizes the correlation levels between the independent variables and dependent variables. The symbols, such as '+' and '-', character the positive correlation and negative correlation, respectively.
As shown in Table 6 , when the some variables were controlled (such as Temperature & RAP content & RAP Source), the partial correlation coefficient between the base binder and stiffness or m-value are 0.313 or -0.648. Additionally, its coefficient value between stiffness and m-value is -0.460. Similarly, the partial correlation coefficients regarding the temperature, RAP content, and RAP sources with the stiffness and m-value can be found in Table  6 . It is worth noting that coefficients between the RAP sources and stiffness or m-value indicate that RAP source has no significant relationships with the stiffness and m-value, regardless of base binder, temperature and RAP content. Moreover, it can be found that the temperature has a relatively high correlation with the stiffness and m-value.
Similarly, in terms of RAP content, the developed coefficients of the stiffness and m-value are -0.688 and -0.584, respectively, indicating that RAP content has a medium correlation with stiffness and m-value. From the absolute values of the coefficients between stiffness and m-value, the most influential variables are the test temperature, followed by RAP content and base binder type.
To determine the correlation coefficient of the stiffness and m-value considering all independent variables, Pearson correlation was conducted by the SPSS software. The results indicate that Pearson correlation coefficient between the stiffness and m-value is -0.795, and thus stiffness and m-value were highly correlated.
